Background: Unhealthy lifestyle behaviors and childhood overweight are more common among children from families with a low socioeconomic position and ethnic minority children (referred to as social disadvantaged children). Aims: This systematic review evaluates the effectiveness of interventions aimed to improve lifestyle behaviours and/or prevent overweight among socially disadvantaged children in Europe. Methods: Six major databases were searched for studies reporting intervention effects on adiposity measures, sedentary behaviours, physical activity behaviours or dietary behaviours. Studies were included when the study sample consisted of at least 50% socially disadvantaged children or when results were presented for subgroups of socially disadvantaged children separately. Methodological quality assessment was based on Cochrane criteria. Results: In total, 11 studies reporting on eight interventions (one among infants 0-2 years, one among preschoolers 2-6 years, six among school-aged children 6-12 years) were identified. Of these eight interventions, five interventions primarily aimed to improve at least one adiposity measure and three primarily aimed to improve a specific lifestyle behaviour. In general, modest positive effects were found but interventions were limited by a short follow-up duration. Conclusions: Despite an urgent need for effective interventions to improve lifestyle behaviours and prevent overweight among socially disadvantaged children, research on the effectiveness of interventions in Europe is still scarce. Those interventions that have been evaluated show modest effects on lifestyle behaviours and adiposity measures, but long-term follow-up is needed to establish whether these effects are sustained over a longer period of time.
Introduction
O ver the past three decades, childhood overweight has become a major public health concern.
1 In addition to an increased risk of overweight and obesity in adulthood, 2 childhood overweight has been associated with adverse health outcomes during childhood, including (amongst others) type 2 diabetes, asthma, skeletomuscular difficulties and psychosocial problems. 2, 3 Within developed countries, childhood overweight is strongly socially patterned, disproportionally affecting children from low family socioeconomic position (SEP) and ethnic minority children (hereafter together referred to as socially disadvantaged children). 4, 5 Although the etiology of overweight is multifactorial, involving both environmental and non-environmental (i.e. genetic) factors, there is general consensus that adverse changes in lifestyle behaviours have been a major determinant of the overweight epidemic. 6 This premise has been substantiated by a wealth of observational research, showing both cross-sectional and longitudinal associations between lifestyle behaviours and childhood overweight. [6] [7] [8] Furthermore, interventions targeting these lifestyle behaviours have been shown to have modest effects on adiposity measures. 9, 10 There is evidence to suggest that lifestyle behaviours are established in early childhood 11 and track into adolescence and young adulthood, 12 warranting preventive efforts in early childhood. Studies on the effectiveness of interventions aimed to improve lifestyle behaviours and/or prevent overweight among socially disadvantaged children are scarce and have mainly been conducted in the USA and Oceania.
9,10,13 Given differences in cultural and immigration backgrounds, findings of these studies cannot be generalized to European populations of socially disadvantaged children. Furthermore, US interventions among ethnic minority groups are usually performed in one specific ethnic group (e.g. African American or Hispanic children), 9,10,13 while European ethnic minority populations are often more diverse. Therefore, the aim of this systematic review is to synthesize the evidence on the effectiveness of interventions aimed to improve lifestyle behaviours and/or prevent overweight among young socially disadvantaged children (0-to 12-year-olds) in Europe.
Methods

Literature search
A systematic literature search was conducted in PubMed, EMBASE, Web of Science, Medline (OvidSP), Google Scholar and Cochrane Database of Systematic Reviews in November 2013. The complete search strategies can be found in Supplementary Materials S1. The search strategy was initially designed for PubMed and subsequently adapted for all other databases. Furthermore, references of manuscripts were searched for additional studies not identified by the original search strategy. A search update was performed in April 2016.
Inclusion criteria
To be eligible for inclusion, studies had to be published in an English spoken peer-reviewed journal after 31 December 1989. Studies were included when they reported on at least one of the following variables as 'primary outcome measure': adiposity measures [i.e. body mass index (BMI), weight status, waist circumference, skin fold thickness, percentage body fat], sedentary behaviours (i.e. screen time), physical activity behaviours [i.e. habitual physical activity (low, moderate and vigorous physical activity/daily steps), sports participation] or dietary behaviours [i.e. consumption of sugar sweetened beverages (SSBs), breakfast consumption]. These specific behaviours were selected based on systematic reviews showing substantial evidence of an association with childhood overweight. 6, 14 Two types of studies were included in this review on the basis of presenting intervention effects for socially disadvantaged children: (i) studies with a study sample of at least 50% socially disadvantaged children, 15 or (ii) studies reporting subgroup results for socially disadvantaged children separately. Socially disadvantaged children were defined as children with a non-native ethnic background/immigrant status or children from families with a low SEP (i.e. low parental educational level, low household income, low parental occupational class, or living in low income/deprived areas). 16 Inclusion was restricted to studies among infants (0-to 2-year-olds), preschool children (2-to 6-year-olds) and primary school children (6-to 12-year-olds) in Europe. Inclusion was furthermore limited to studies with a rigorous study design, i.e. (randomized) controlled trials with a concurrent control group.
Exclusion criteria
Studies among secondary school children/adolescents (i.e. age > 12.0 years) were excluded. In case of studies conducted among a combination of primary and secondary school children (e.g. 7-to 14-year-old children), exclusion was based on the mean age of the population. Studies without a rigorous study design, e.g. post-measurements only, pre-and post-test measurements without a proper control group, or observational studies, were excluded. Furthermore, intervention studies performed in laboratory settings, intervention studies performed among overweight/obese children only (i.e. 'treatment interventions'), and studies not reporting intervention effects for socially disadvantaged children were excluded.
Selection process
Titles and abstracts were independently reviewed by two authors (AW en VvdG) to make the initial selection of relevant intervention studies. Then, reference lists were screened for other potentially relevant studies. All studies identified between the two reviewers were reviewed using full text by both reviewers (AW and VvdG) and in the case of discrepant findings, a third party (HR) was consulted until consensus was achieved.
Results
Search results
The original search strategy identified 6080 unique studies. After the selection process based on the formulated inclusion and exclusion criteria, six studies were eligible for inclusion in this review. Even though some studies could be excluded based on multiple exclusion criteria, a study is attributed one exclusion criterion only (top to bottom), thus adding up to hundred percent (figure 1). The updated search identified an additional five studies. In total, 11 studies evaluating eight interventions were included in this systematic review.
Interventions
A description of the studies is presented in Table 1 . Most interventions aimed primarily to improve adiposity measures, 17-23 with a minority primarily aiming to promote physical activity [24] [25] [26] or reduce consumption of SSBs. 27 All but one 21 of the interventions was based in the school setting, one targeting preschool children 18, 23 and all others targeting primary school children. 17, 19, 20, 22, [24] [25] [26] [27] More detailed information on the content of these interventions can be found in Supplementary Table S1 . Although process evaluation of the included studies is outside the scope of this review, methodological quality of the included studies was assessed according to Cochrane criteria (Supplementary Tables S2-S4) . 28 
Intervention effectiveness
An overview of intervention effects can be found in Table 2 . In sum, all interventions targeting multiple lifestyle behaviours had a positive effect on at least one adiposity measure ( Table 2, Supplementary  Table S1) . [17] [18] [19] [20] [21] 23 In contrast, those interventions targeting one specific lifestyle behaviour were effective only in changing that behaviour (i.e. water consumption, 22 physical activity, 24, 26 consumption of SSBs 27 ), and had no effect 22, 24 or an adverse effect 27 on adiposity measures. An exception to this general notion is the physical activity intervention by Eyre et al., 25 which resulted in increases in physical activity levels and decreases in percentage body fat and waist circumference. Furthermore, no spill-over effects on other lifestyle behaviours were observed for these interventions.
22,26,27
Discussion
This systematic review aimed to synthesize the evidence on the effectiveness of interventions aimed to improve lifestyle behaviours and/or prevent overweight among 0-to 12-year-old socially disadvantaged children in Europe. The search yielded a limited number of studies, especially among children under the age of 6 years. In general, interventions targeting multiple lifestyle behaviours were moderately effective in positively influencing at least one adiposity measure, while interventions targeting one specific behaviour were moderately effective in changing that behaviour but not adiposity measures.
Intervention effectiveness
Those interventions targeting multiple lifestyle behaviours and individual level determinants, family-level determinants, and environmental determinants thereof were shown to positively influence adiposity measures. These findings are plausible given the complex etiology of childhood overweight involving risk factors from all domains ranging from the most proximal lifestyle behaviours to wider environmental and societal determinants. 1, 9, 10, 16 Notably, one of these interventions seemed to positively affect adiposity measures only in girls and not boys, possibly due to differential adherence to specific intervention components. In a similar vein, another intervention seemed to positively affect adiposity measures in younger children but not in older children. More research into potential gender and age differences in intervention effectiveness among socially disadvantaged children is merited.
In contrast, those interventions targeting specific lifestyle behaviours were effective in changing those lifestyle behaviours but not adiposity measures or related lifestyle behaviours. These results can be used to inform intervention designers that they should not, be default, rely on assumed spill-over effects (e.g. effect of a physical activity intervention on screen time or effect of a water consumption intervention on soft drinks) but rather should target the behaviours that they aim to improve.
Evidence suggests that cultural adaptation has the potential to enhance intervention relevance, effectiveness, and feasibility of interventions for ethnic minority groups especially. 29 Indeed, substantial positive effects of those interventions with cultural tailoring (Supplementary Table S1 ) offer support to the premise that cultural tailoring may an important element of effective interventions for socially disadvantaged children. However, the observation that more environment-focused interventions without any apparent cultural tailoring also positively affected children's lifestyle behaviours and/or adiposity measures supports research showing that interventions in low socioeconomic groups will be most effective when structural barriers constraining healthy choices are removed. 30 
Methodological considerations
Some methodological considerations should be taken into account when interpreting the effectiveness of the interventions included in this review. Studies reporting effect estimates for subgroups were not initially designed for testing interaction effects and conducting subgroup analyses, and therefore may lack power to detect significant effects in subgroups. Similarly, feasibility studies included in this review may not have been powered sufficiently to examine intervention outcomes. Furthermore, effect evaluations were generally performed immediately post intervention, thus precluding any conclusions regarding long-term intervention effects. Although process evaluation of included studies was outside the scope of this review, an assessment of the quality of included studies was performed (Supplementary Tables S2-S4) . In general, studies included in this review scored low risk or unclear risk on most criteria. The most common limitations included lack of blinding of participants (often not possible due to nature of interventions) and the use of questionnaires in the assessment of lifestyle behaviours, which together may have led to socially desirable answering. 31 
Research gaps
Based on this systematic review, a number of research gaps can be identified. First and foremost, we found that the number of studies investigating the effectiveness of interventions aimed to improve lifestyle behaviours and/or adiposity measures among socially disadvantaged children in Europe is still scarce, especially among young children (i.e. <6 years). Based on current evidence that very young children already display unhealthy lifestyle behaviours such as high screen time and consumption of SSBs, 32, 33 intervening at a young age seems paramount. Furthermore, included studies were limited to Northern and Western Europe and thus indicate a need for more research in Southern and Eastern European countries where social inequalities in lifestyle behaviours and overweight also exist. 4, 34, 35 Third, with the exception of one community based intervention, all interventions were conducted in the (pre)school setting, hampering conclusions regarding differential effects according to intervention setting. The school setting offers major advantages that may be especially important for socially disadvantaged children, 18,24 including easily implemented changes in the school without need for parental involvement or motivation, the mandatory character of interventions elements (e.g. school curriculum changes and changes in the environment), and a large reach across all social groups. However, prevention in early childhood also requires interventions outside the school setting. Furthermore, previous research has shown that the effectiveness of school-based interventions can be substantially improved by incorporating family and community components. 36, 37 Fourth, this review identified only one intervention that primarily aimed to reduce SSB consumption and no studies that primarily aimed to reduce screen time. This finding is surprising given that SSB consumption and screen time, television viewing in particular, are two major risk factors of childhood overweight 6, 7 that are more common among socially disadvantaged children. 38, 39 Finally, long-term follow up of interventions is needed to confirm whether positive intervention effects are sustained over a long period of time.
Review strengths and limitations
The main strength of this review is the extensive systematic literature search performed in multiple databases. A number of limitations should be considered when interpreting our results. This systematic review relied on studies published in English spoken, peer-reviewed journals in the past 25 years. As a consequence, studies published in other languages and/or published before 1990 have not been included in this review. Perhaps even more important, publication bias favoring studies showing significant intervention effects over studies showing no interventions effects may have biased the results. Socially disadvantaged children were defined as ethnic minority children and low SEP children. It should be acknowledged that although highly related, ethnic background and family SEP are different socio-demographic characteristics likely to moderate the associations of risk factors with children's lifestyle behaviours and adiposity measures. Furthermore, studies were included only when the study sample consisted of at least 50% socially disadvantaged children to ensure that the study results would be informative for socially disadvantaged children. Albeit this cut-off point was used to reach uniformity in study inclusion and based on previous research, 15 the cut-off point itself is arbitrary and may have led to exclusion of potentially informative studies (e.g. non-stratified results by Muckelbauer et al. 40 ). Process evaluation and evaluation of the effectiveness of secondary prevention interventions, or so called 'treatment' interventions, were outside the scope of the current review, precluding any conclusions regarding important process variables (e.g. intervention reach and sustainable implementation) and recommendations on how best to 'treat' childhood overweight among socially disadvantaged children in Europe. Also outside the scope of this review was the assessment of the effect of interventions on reducing social inequalities in children's lifestyle behaviours and adiposity. When implementing an intervention in the general population that is more effective among non-socially disadvantaged children compared with socially disadvantaged children, social inequalities may increase even when socially disadvantaged children benefit from the intervention. 41 This systematic review was limited to studies employing rigorous study designs, i.e. (randomized) controlled trials with a concurrent control group. As a consequence, broader policies that may be especially effective in improving lifestyle behaviours and adiposity among socially disadvantaged children (e.g. tax policies, policies to ban unhealthy-food advertisement, policies for changing the built environment) 30 and that are difficult to assess by (randomized) controlled trials 30, 41 were excluded from this review. Finally, metaanalysis of the results was not possible due to the heterogeneity in study populations, interventions, outcome measures and statistical analyses.
Conclusion
Given the high prevalence of unhealthy lifestyle behaviours and childhood overweight among socially disadvantaged children in Europe, preventive interventions are highly warranted. This systematic review shows that 'although the relevant evidence base is involving, it is not keeping pace with the need for solutions' (p. 178).
15 Those interventions that have been evaluated show Number in bracket for study sample is the number of immigrant/low SEP children. modest effects on adiposity measures and lifestyle behaviours, but long-term follow-up is needed to establish whether these effects are sustained over a longer period of time.
